(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Internationa] Bureau 

(43) International Publication Date 
16 May 2002 (16.05.2002) 




PCT 



ii 1 1 m 1 1 1 ii 1 1 1 iii 1 1 1 1 1 r !i i ii 1 1 in 

(10) International Publication Number 

WO 02/39688 Al 



H04L 25/02, 

(21) International Application Number: PCT/EP0 1/1 2792 



(51) International Patent Classification- 7 : 
25/06, H03L 7/087, H03J 7/04 



(22) International Filing Date: 

5 November 2001 (05.1 1.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
097706,744 



7 November 2000 (07.1 1.2000) US 



(71) Applicant (for all designated States except US): TELE- 
FONAKTIEBOLAGET L M ERICSSON (PUBL) 

[SE/SE]; S-126 25 Stockholm (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LINDOFF, Bengt 



[SE/SE]; Morkullevagen 45, S-237 36 Bjarred (SE). HUI, 
Dennis [CN/US]; 102 Chaps Court, Cary, NC 27513 
(US). ZANG1, Kambiz, Casey [US/US]; 6 Colton Court, 
Durham, NC 27713 (US). 

(74) Agent: ERICSSON MOBILE PLATFORMS AB; IPR 

Department, S-221 83 Lund (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE 
(utility model), DK, DM, DZ, EC, EE, EE (utility model), 
ES, FI, FI (utility model), GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, OM, PH, PL, PT, RO, RU S SD, SE, SG, SI, SK, SK 
(utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 

[Continued on next page] 



(54) Title: JOINT DC OFFSET AND CHANNEL ESTIMATION BY USING A LEAST SQUARES (LS) ALGORITHM 



00 

oo 

o\ 
rn 

O 



■ ■ i » OPT JlM>^> 

= t — r 



»^X^-* iff 

I 222 



210 212 




ipr — » 

222 


AJD — » 


iff 

/ 
226 


7 


T 


2j& 



J. .... 



Data Recovery Unit 

+JQ, * mt* 4 - &th- 



240 260 



TS 



~* itm 270 



! 



(57) Abstract: A method and apparatus for offsetting 
the frequency of a local oscillator (214) in a receiver 
are disclosed. The local oscillator frequency is offset 
with an offset frequency that depends on the training 
sequence used. Training symbols are inputted to the 
control unit. The control unit (218) then provides an 
offset frequency depending on the training symbol re- 
ceived (TS). A rotation of the baseband signal, propor- 
tional to the offset frequency, is introduced which later 
is digitally compensated for (240). Upon reception of 
the signal, a DC offset is introduced in the radio part. 
The digital compensation transforms this DC offset, in 
the baseband signal, to a rotating signal. The rotating 
DC offset signal is then subtracted in the baseband pro- 
cessing (250, 270). 
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JOINT DC OFFSET AND CHANNEL ESTIMATION BY USING A LEAST SQUARES (LS) ALGORITHM 



BACKGROUND 

The invention relates to data communication systems, more particularly to 
all areas where radio receivers and channel estimators are used in digital systems, 
5 and even more particularly to methods and apparatuses that process a received 
radio signal that is characterized by an unwanted DC component. 

Modern cellular systems, such as the GSM system, are based on digital 
communication. In order to cope with distortions, such as multi-path distortions, 
known symbol patterns, called training sequences, are sent at regular intervals. 

10 For instance in either of the GSM or future EDGE systems, which are Time 

Division Multiple Access (TDM A) systems, a training sequence is transmitted in 
each burst. The training sequence is used for synchronization, (i.e., to find the 
time position of the received sequence), and for estimation of the radio channel 
(i.e., to estimate the multi-path and fading characteristics of the radio channel). 

15 The radio channel and synchronization information are then used in the decoding 
process of the received signal. The training sequences are often chosen in such a 
way that the synchronization and channel estimation procedures are optimized for 
a radio receiver having some assumed ideal characteristics. For instance, in GSM 
or EDGE there are eight different predefined training sequences which are chosen 

20 such that the uncertainty in the synchronization position and channel estimation is 
minimized for the case in which the received signal is distorted only by 
inter-symbol interference (ISI) and white noise. 

However, many practical receivers introduce other kinds of distortions. 
For instance, using a homodyne receiver, which is a very efficient receiver 

25 architecture from a cost, size and current consumption perspective, an unwanted 
DC offset is often introduced in the receiver that must be taken care of. The DC 
offset arises mainly from three different sources: (1) transistor mismatch in the 
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signal path; (2) the Local Oscillator (LO) signal leaking and self-downconverting 
to DC through the mixer; and (3) a large near-channel interferer leaking into the 
LO and self-downconverting to DC (see, for example, E. Larson, "RF and 
Microwave Circuit Design for Wireless Communications Artech House Inc., 
5 Norwood, MA, USA, 1996). 

An exemplary technique for addressing such a DC offset is to extend the 
channel filter model with a DC tap. In Fig. 1 A a conventional homodyne receiver 
with a DC offset and channel estimator and channel equalizer for use in a burst 
transmission system, such as the GSM or the EDGE systems, is shown. The 
10 received signal is first filtered by a bandpass filter (BPF) 10 designed to pass only 
the desired frequency band (for instance the GSM frequency band). The signal is 
then amplified in a low noise amplifier (LNA) 12. The output from the LNA 12 is 
a signal given as: 

s i = i rpos(cdt+q)) 

15 where co is the carrier frequency, r t is the amplitude and <p, is the phase 
information. This signal is down-converted to baseband In-phase (I) and 
Quadrature phase (Q) components in the mixers 20 and 30, respectively. The 
local oscillator (LO) 14 generates a local oscillator frequency adapted to the carrier 
frequency of the desired signal. The I and Q components are then low-pass 

20 filtered (LPF), by respective filters 22 and 32, and converted to a digital signal, by 
respective Analog to Digital (A/D) converters 24 and 34, and digitally low-pass 
filtered again, by respective filters 26 and 36, to obtain a signal format that can be 
handled by a Data Recovery (DR) unit 16 that demodulates the received signal. 
Referring to Fig. IB, the data recovery unit 16 works as follows. The 

25 complex valued baseband signal supplied to the DR unit 16 can be written as: 
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y t = /, + JQ t + i DC + yfi^c = EV,-* + + <V (!) 



where h t are the channel filter taps, u t is the transmitted symbol, m is the unknown 
DC component generated in the radio receiver, and e t is a white noise sequence 
(i.e., a sequence of independent random variables with zero mean). The baseband 
signal is supplied to a synchronization and channel estimation unit 50, which 
5 correlates the baseband signal (which is known to include a training sequence 
within the burst) with the known training sequence (TS) 60 in order to find the 
synchronization position. The synchronization and channel estimation unit 50 also 
estimates the DC offset and channel filter taps by means of known techniques, for 
instance by using a Least Squares (LS) algorithm. When using least squares, the 
10 channel estimate can be written according to: 



H = 



\*=L+1 / Jfc=L+l 



where £ = [h Qf ...,h L rff, u k = [ v ..,« w lf ■ N ™ ^ the number of training 
symbols, and r mc is the synchronization position. The estimated DC offset is then 
subtracted from the baseband signal and the resultant signal y t = y t -ih is fed to an 
equalizer 70 that uses the estimated channel filter taps to decode the signal. 
15 Due to the need for estimating both the channel filter taps and DC offset in 

the presence of DC in the received signal, the optimized estimation characteristics 
for the training sequences are not realized, resulting in a different receiver 
performance for different training sequences used. The performance difference is 
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due to the uncertainty (i.e., the variance) of the parameter estimate, which is 
proportional to the diagonal element of the matrix given as: 



A = 



T 

u k u k 



-1 



From a theoretical point of view, in order to have good parameter 
estimates, one should choose the input vector U t such that the matrix A is a 
5 diagonal matrix with identical or very close diagonal elements, (see, for example, 
L. Ljung, "System Identification - Theory for the User", Prentice Hall Inc., New 
Jersey, 1987). The training sequences in EDGE and GSM assume that no DC 
component is present, and are chosen such that A is close to diagonal implying 
good estimation performance. However, a DC tap introduced in the U vector can 
10 cause the matrix to be far from a diagonal matrix, which results in a large 

performance loss due to bad channel and DC tap estimates. Therefore, a method 
that can enhance the synchronization and channel estimation procedure despite the 
existence of distortions such as a DC offset is needed. 



SUMMARY 

15 It should be emphasized that the terms "comprises" and "comprising", 

when used in this specification, are taken to specify the presence of stated features, 
integers, steps or components; but the use of these terms does not preclude the 
presence or addition of one or more other features, integers, steps, components or 
groups thereof. 

20 The current invention overcomes the prior art limitations by providing a 

method and apparatus that offsets the frequency of a local oscillator in a radio 
receiver by an offset frequency wherein the offset frequency is based on a training 
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sequence. The method and apparatus for generating a local oscillator frequency in 
a radio receiver comprises controlling the local oscillator such that it generates a 
signal having the local oscillator frequency that is equal to a carrier frequency of a 
received signal plus an offset frequency, wherein the offset frequency is based on a 
5 training sequence included in the received signal. 

The above features and advantages of the invention will be more apparent 
and additional features and advantages of the invention will be appreciated from 
the following detailed description of the invention made with reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with reference to the following 
figures, in which: 

Fig. 1A is a block diagram of a conventional homodyne receiver with a 
channel and DC offset estimator; 

Fig. IB is a block diagram of a data recovery unit of a conventional 
homodyne receiver; 

Fig. 2A is a block diagram of a homodyne receiver with an enhanced 
channel and DC offset estimator of the invention; 

Fig. 2B is a block diagram of a data recovery unit of the invention; 
Fig. 3 is a block diagram of a homodyne receiver with another embodiment 
of the invention; and 

Fig. 4 is a block diagram of a data recovery unit with multiple 
synchronization and channel estimation units. 

DETAILED DESCRIPTION 

25 Before addressing the specifics of the various embodiments of the invention 

a brief overview of the invention will be provided. The following description 
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makes reference to a homodyne receiver architecture. However, one skilled in the 
art will appreciate that the invention is not limited to applications in homodyne 
receivers, but rather may be practiced in any system wherein the received signal 
includes a training sequence and a DC offset. The invention is particularly suited 
5 for radio receivers where an unwanted DC offset is often introduced in the 
receiver. 

The invention proposes methods and apparatus for offsetting the local 
oscillator frequency in a radio receiver based on which training sequence is used in 
a communication system. By offsetting the local oscillator frequency with an 

10 offset frequency that depends on the training sequence used, a rotation, 

proportional to the offset frequency, of the baseband signal is introduced which 
enhances both the synchronization and the channel and DC offset estimation done 
in a synchronization and channel estimation unit. Better synchronization and 
channel and DC estimates, in turn, increase the performance of the radio receiver, 

15 providing the user with a higher throughput. 

Referring to Fig. 2A, the received signal is first filtered by a bandpass 
filter (BPF) 210 designed to pass only the desired frequency band (for instance the 
GSM frequency band). The signal is then amplified in a low noise amplifier 
(LNA) 212. The output from the LNA 212 is a signal given as: 

20 s t =r t cos(at+ q>) 

where co is the carrier frequency, r t is the amplitude and (p, is the phase 
information. This signal is down-converted to baseband In-phase (I) and 
Quadrature phase (Q) components in the mixers, 220 and 230, respectively. The 
local oscillator (LO) 214 that supplies signals to each of the mixers 220 and 230 
25 provides a frequency that is adapted not only to the carrier frequency of the 
wanted signal but also to the training sequence used. The training sequence 
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15 



information is fed to a control unit (CU) 218 that chooses an offset frequency, A<y, 
depending on the particular training sequence used. The relationship between the 
offset frequency and the training sequence can be predetermined. Thus, the 
information relating each training sequence to an offset frequency can be stored in 
a device, such as a look-up table and the like, for retrieval by the control unit 218. 
The frequency offset, which has been computed for each training sequence based 
on optimizing the channel estimation performance, is very small compared to the 
carrier frequency. For example, in the EDGE or GSM system with carrier 
frequencies around 900 or 1800 MHZ, the offset is around ±10 kHz depending on 
the training sequence. 

The I and Q components are then low-pass filtered (LPF), by respective 
filters 222 and 232, and converted to digital signals, by respective Analog to 
Digital (A/D) converters 224 and 234, and digitally low-pass filtered again, by 
respective filters 226 and 236, to obtain a signal format that can be utilized by the 
Data recovery (DR) unit 216 that demodulates the received signed. 

Referring to Fig. 2B, the data recovery unit works as follows. The 
baseband signal supplied to the DR 216 can be written as: 



where h ( are the channel filter taps, u t is the transmitted symbol, m is the unknown 
DC component generated in the radio receiver, e t is a white noise sequence (i.e., a 
sequence of independent random variables with zero mean) and d Aa * is the offset 
frequency introduced in the LO. In order to compensate for the frequency offset 
introduced by the CU 218 via the LO 214, a digital de-rotation of the signal is 
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done, that is, the received sequence is multiplied by , by the digital de-rotator 
240. The output from the de-rotator can then be written as: 



Note that the DC offset of level m has now been transformed into a rotating signal 
with amplitude m. A synchronization is then performed by the synchronization 
5 and channel estimation unit 250. By performing the synchronization, the de- 
rotated baseband signal (which is known to include a training sequence within the 
burst) is correlated with the known training sequence (TS) 260 in order to find the 
synchronization position. The amplitude of the rotating signal and channel filter 
taps are also estimated by the synchronization and channel estimation unit 250. 
10 This is accomplished by using known techniques, such as a Least Squares (LS) 
algorithm and the like. When using least squares, the estimate can be written as: 



where H = [£ 09 ... v £^A] r 9 U k = e " yAa> '] r , A^y is the number of training 

symbols, and v mc is the synchronization position. By adapting the offset 
frequency Aeoto the training sequence, the DC offset is also transformed into a 
15 rotating DC offset signal with a frequency Leo, Therefore, it is possible to reduce 
the uncertainty in the parameter estimates. One should choose the frequency 
offset, Aa> 9 such that the matrix given as: 



L 



y t = £ h t u t-i + me ~' Aco ' + e r 



(4) 




(5) 
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in equation (5) is a diagonal matrix or at least close to a diagonal matrix. After the 
channel estimation, the estimate of the rotating DC offset signal is subtracted from 
the de-rotated signal and the new signal y t = y t - me ~' At * is fed to an equalizer 
270 that uses the estimated channel filter taps to decode the signal. 
5 The architecture of the invention can be extended in different ways. For 

example, since the DC offset can be several dB larger than the desired signal and 
in order to have a more efficient implementation, a coarse DC estimate based on 
averaging over the whole received burst can be computed and subtracted from the 
baseband signal before supplying it to the digital de-rotator 240. A coarse DC 
10 correction will still leave a residual DC offset that must be compensated for as 
described above. 

In the following descriptions of the invention, reference numbers will be 
maintained between drawings where the items referenced are the same. Therefore, 
reference numbers for a particular figure and the general operation of the device 
15 may not be discussed where the information provided would be redundant. 

Another embodiment of a receiver that enhances the performance in the 
presence of adjacent channel interferes is shown in Fig. 3. The components of 
the receiver can be rearranged such that a digital de-rotator 335 is inserted before 
the digital low pass filters 226 and 236 which act as channel filters that filter out 
20 adjacent channel interferes. The de-rotation is equivalent to a complex valued 

multiplication between I+jQ and e Atot . Therefore, the de-rotator 335 is shown as 
a single element. 

In yet another embodiment, a data recovery unit 416 that further enhances 
the overall receiver performance is shown in Fig. 4. A second synchronization 
25 and channel estimation unit 455 is added after the first synchronization and 

channel unit 250, in data recovery unit 416. The first synchronization and channel 
unit 250 provides a first channel estimation including an estimate of the rotating 
DC offset signal, as discussed previously. Also as previously described, after the 
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channel estimation, the estimate of the rotating DC offset signal is subtracted from 
the de-rotated signal creating a new signal, y t = y t - me ~ JA ™ . However, the 
new signal, y t , fed into the second synchronization and channel estimation unit 
455, instead of the equalizer 270, as previously described. Therefore, in the 
5 second synchronization and channel estimation unit 455, only the radio channel 
taps are estimated. The second channel estimate is then used in the equalizer 270 
instead of the estimate obtained in the first synchronization and channel unit 250. 

The foregoing has described the principles, preferred embodiments and 
modes of operation of the invention. However, the invention should not be 

10 construed as being limited to the particular embodiments discussed above. For 
example, the method of offsetting the LO frequency in the radio receiver with a 
frequency depending on the training sequence used and then performing a digital 
de-rotation with the same offset frequency before the channel and DC estimates is 
only one way to enhance the channel and DC estimates. 

15 Therefore, the above-described embodiments should be regarded as 

illustrative rather than restrictive, and it should be appreciated that variations may 
be made in those embodiments by workers skilled in the art without departing 
from the scope of the invention as defined by the following claims. 
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What is claimed is: 

1 . A method of generating a local oscillator frequency in a radio receiver 
comprising: 

controlling the local oscillator such that it generates a signal having the 
5 local oscillator frequency that is equal to a carrier frequency of a received signal 
plus an offset frequency, wherein the offset frequency is based on a training 
sequence included in the received signal. 

2. The method of claim 1 further comprising: 
looking up the offset frequency in a look-up table. 

10 3. A method of generating a channel estimate from a received signal that has a 
training sequence and that is modulated onto a carrier signal having a carrier 
frequency, the method comprising: 

generating a mixing signal having a frequency that is the carrier frequency 
plus an offset frequency, wherein the offset frequency is a function of the training 

15 sequence; 

using the mixing signal to down convert the received signal to a baseband 
signal that includes a DC offset signal; and 

generating the channel estimate from a signal derived from the baseband 

signal. 

20 4. The method of claim 3 further comprising: 

looking up the offset frequency in a look-up table. 

5. The method of claim 3, wherein the signal derived from the baseband 
signal is generated by: 
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filtering I and Q components of the baseband signal with low pass filters; 

converting the I and Q components to digital signals; 

filtering the digital signals with digital low pass filters, thereby generating 
filtered digital signals; and 
5 de-rotating the filtered digital signals to compensate for the offset 

frequency, thereby generating the signal derived from the baseband signal. 

6. The method of claim 3, wherein the signal derived from the baseband 
signal is generated by: 

10 filtering I and Q components of the baseband signal with low pass filters; 

converting the I and Q components to digital signals; 

de-rotating the digital signals to compensate for the offset frequency, 
thereby generating de-rotated digital signals; and 

filtering the de-rotated digital signals with digital low pass filters, thereby 
15 generating the signal derived from the baseband signal. 

7. The method of claim 3 further comprising: 

using the channel estimate to recover information from the received signal. 

8. The method of claim 3 further comprising: 

determining a coarse DC estimate based on an average over an entire 
20 received burst; and 

subtracting the coarse DC estimate from the baseband signal. 

9. The method of claim 3, wherein generating the channel estimate from the 
baseband signal comprises: 

generating a first channel estimate including an estimate of a rotating DC 
25 signal from the signal derived from the baseband signal; 
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subtracting the estimate of the rotating DC offset signal from the signal 
derived from the baseband signal, thereby creating a new signal; 

generating a second channel estimate using the new signal; and 
providing the second channel estimate as the second channel. 

10. A radio receiver comprising: 
a local oscillator that generates a local oscillator signal having an 

oscillating frequency that is offset from a carrier frequency of a received signal by 
an offset frequency, wherein the offset frequency is based on a training sequence 
included in the received signal. 

11. The receiver of claim 10 further comprising: 
a control unit that receives the training sequence and provides the offset 

frequency to the local oscillator, wherein the control unit uses a look-up table to 
provide the offset frequency for the training sequence received. 

12. The receiver of claim 10 further comprising: 
mixers that down convert the received signal to a baseband signal using the 

local oscillator signal, wherein the baseband signal includes a DC offset signal; 
low pass filters that filter I and Q components of the baseband signal; and 
analog to digital converters that convert the I and Q components to digital 

signals. 

13. The receiver of claim 12 further comprising: 
digital low pass filters that filter the digital signals, thereby generating 

filtered digital signals; 

a digital de-rotator that de-rotates the filtered digital signals to compensate 
25 for the offset frequency, thereby generating de-rotated digital signals; and 
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a data recovery unit that demodulates the de-rotated digital signals to 
recover information from the received signal. 

14. The receiver of claim 13, wherein the data recovery unit comprises: 

a first synchronization and channel estimation unit that receives the de- 
5 rotated digital signals and the training sequence and generates a first channel 
estimate including an estimate of a rotating DC signal; 

a summer that subtracts the estimate of the rotating DC signal from the de- 
rotated digital signals, thereby forming a new signal; 

a second synchronization and channel estimation unit that uses the new 
10 signal to generate a second channel estimate; and 

an equalizer, that uses the new signal and the second channel estimate. 

15. The receiver of claim 12 further comprising: 

a digital de-rotator that de-rotates the digital signals to compensate for the 
offset frequency, thereby generating de-rotated digital signals; 
15 digital low pass filters that filter the de-rotated digital signals, thereby 

generating filtered digital signals; and 

a data recovery unit that demodulates the filtered digital signals to recover 
information from the received signal. 

16. The receiver of claim 12 farther comprising: 

20 a coarse DC estimator that calculates a coarse DC estimate based on an 

average over an entire received burst and subtracts the coarse DC estimate from 
the baseband signal. 

17. The receiver of claim 12, wherein the I and Q components each include an 
unwanted DC offset. 
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18. The receiver of claim 10, wherein the radio receiver is a homodyne 
receiver. 
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